I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Cisplatin as a chemotherapeutic drug is used in the treatment of different types of malignancies including head, neck, ovarian, and testicular cancers.\[[@ref1]\] However, clinical use of cisplatin is restricted because of nephrotoxicity.\[[@ref2]\] A total of 28%--36% of patients that receive initial dose of drug show acute renal injury. Cisplatin causes apoptosis, necrosis, and inflammation of renal cells.\[[@ref3][@ref4]\] It induces nephrotoxicity by reactive oxygen species (ROS) and nitrogen species production. They lead to oxidative stress damage and antioxidant depletion;\[[@ref5]\] therefore, combination of cisplatin with antioxidant compounds may decrease toxic effects. Many studies have shown that the combination of cisplatin with natural and herbal products as antioxidant reduced cisplatin-induced nephrotoxicity.\[[@ref6]\] Natural products contain different ingredients; therefore, they have important position in traditional medicine. One of the important compounds of herbal medicine is antioxidants that can have protective effects against toxic agents.\[[@ref7]\] There are many studies that have shown that the herbal medicine ameliorated nephrotoxicity following cisplatin administration. Aged garlic extract,\[[@ref8]\] onion oil,\[[@ref9]\] *Artemisia asiatica* extract,\[[@ref10]\] *Nigella sativa*,\[[@ref11]\] crocin,\[[@ref12]\] and pomegranate seed oil \[[@ref13]\] revealed protective effects against cisplatin-induced nephrotoxicity.

*Rheum turkestanicum* is from *Rheum* species that grows in Asia and northeast of Iran. The *Rheum* species contain different compounds such as anthraquinones, dianthrones, glycosides, and tannins. The anthraquinone derivatives include emodin, rhein, chrysophanol, physcion, alizarin, citreorosein, and aloe-emodin.\[[@ref14]\] In traditional medicine, *R. turkestanicum* is used as antidiabetic and antihypertensive.\[[@ref15]\] Recent studies have shown anticancer\[[@ref15]\] and antidiabetic effects.\[[@ref16]\] In addition, Hosseini and Rajabian,\[[@ref17]\] showed *R. turkestanicum* reduces doxorubicin toxicity in H9c2 cell line via decreasing of ROS production. Pharmacological effects of *R. turkestanicum* show that this plant has high antioxidant potency.\[[@ref17]\] Increase in ROS plays an important role in cisplatin-induced nephrotoxicity; therefore, it is probable that *R. turkestanicum* can reduce cisplatin toxicity.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Animals {#sec2-1}
-------

In this research, 24 Wistar rats with weight between 220 and 250g were purchased from Animal House, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran. The animals were kept in a pathogen-free facility on a 12-h light/dark schedule, with free access to food and water *ad libitum*. All protocols were confirmed by the University Ethics Committee and were in compliance with the national laws and with the National Institutes of Health guidelines for the use and care of laboratory animals.

Chemicals {#sec2-2}
---------

DTNB (5,5'-dithio-bis-\[2-nitrobenzoic acid\]), TBA (2-thiobarbituric acid), n-butanol, Na~2~EDTA (ethylenediaminetetraacetic acid disodium salt), Tris (hydroxymethyl) aminomethane, HCl, KCl, phosphoric acid (1%), ether, TCA (trichloroacetic acid), and methanol were bought from Merck (Darmstadt, Germany). Cisplatin was purchased from Mylan Company (Canonsburg, United States).

Preparation of extract {#sec2-3}
----------------------

The root of *R. turkestanicum* Janisch was obtained from Razavi Khorasan Province, Iran and identified by M. R. Joharchi from Ferdowsi University of Mashhad Herbarium. A voucher specimen (No. 21377) was deposited to this plant. Dried root was ground into fine powder and then 50g of this powder was subjected to extraction with 70% ethanol in a Soxhlet apparatus for 48h. The hydroalcoholic extract was then dried on a water bath and stored in −18ºC freezer. The yield of the extract was 25% (w/w).

Experimental design {#sec2-4}
-------------------

In this research, the animals were divided into four groups (six each). Group I (control) received 1mL/kg of normal saline intraperitoneally (i.p.). A single dose of cisplatin (8mg/kg, i.p.) was administered to group II.\[[@ref13]\] Groups III and IV were treated with *R. turkestanicum* (100 and 200mg/kg) 1h before cisplatin (8mg/kg) injection. All procedures were carried out between 10:00 and 12:00 AM. The experiment lasted for three consecutive days. The 24-h urine samples were collected for measuring glucose and protein concentration before killing animals. The animals were then killed using ether anesthesia. Blood samples were taken by cardiac puncture for measuring the level of serum urea and creatinine. One kidney was homogenized in cold KCl solution (1.5%, pH: 7.4) to make a 10% homogenate suspension and used for measuring malondialdehyde (MDA) and thiol content. Other kidney was used for histopathological studies; it was dehydrated with ethanol and cleared in xylene and embedded in paraffin, sectioned, and stained by hematoxylin and eosin for histopathological assay.

Biochemical methods {#sec2-5}
-------------------

Glucose and protein concentrations were determined by earlier methods.\[[@ref18][@ref19]\] Urea concentration was determined colorimetrically using AutoAnalyzer (Technicon RA-1000, London, England) and urea kit (Man Lab Company, Tehran, Iran). Creatinine concentration was determined by Jaffe's method.\[[@ref20]\]

Calculating malondialdehyde level {#sec2-6}
---------------------------------

MDA, which is the end product of lipid peroxidation, was measured as a marker of lipid peroxidation of the kidney tissue, and it reacts with TBA as a thiobarbituric acid reactive substance to produce a red-colored complex. This complex has peak absorbance at 532nm.\[[@ref21]\] Briefly the procedure is as follows: 3mL phosphoric acid (1%) and 1mL TBA (0.6%) were added to 0.5mL homogenate in a centrifuge tube, and the mixture was heated for 45min in a boiling water bath. After cooling, 4mL of n-butanol was added to the mixture, vortexed for 1min, and centrifuged at 20,000rpm for 20min. The organic layer was transferred to a fresh tube and its absorbance was measured at 532nm.

Calculation of total thiol groups {#sec2-7}
---------------------------------

Total SH groups were measured using DTNB as the reagent. This reagent reacts with thiol (SH) groups to produce a yellow-colored complex that has a peak absorbance at 412nm. Accurately 1mL Tris--EDTA buffer (pH: 8.6) was added to 50mL kidney homogenate in 2mL cuvettes, and absorbance was read at 412nm against Tris--EDTA buffer alone (A1). Then, 20mL DTNB reagent (10mM in methanol) was added to the mixture, and after 15min (stored in laboratory temperature), the sample absorbance was read again (A2). The absorbance of DTNB reagent was also read as a blank (B). Total thiol concentration (mm) was calculated from the following equation\[[@ref22][@ref23]\]:
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Statistical analysis {#sec2-8}
--------------------

Data were expressed as mean ± standard error of the mean (SEM). Statistical analysis was performed using one-way analysis of variance followed by Tukey--Kramer *post hoc* test for multiple comparisons. The *P* values less than 0.05 were considered to be statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

*R. turkestanicum* decreased urinary protein and glucose {#sec2-9}
--------------------------------------------------------

As shown in [Table 1](#T1){ref-type="table"}, cisplatin increased urinary protein and glucose. The extract decreased urinary glucose and protein significantly in comparison with the cisplatin-treated group.

###### 

Effect of *R. turkestanicum* hydroalcoholic extract on urinary glucose and protein after cisplatin administration

![](JPBS-10-66-g002)

*R. turkestanicum* reduced serum creatinine and urea {#sec2-10}
----------------------------------------------------

As shown in [Figure 1](#F1){ref-type="fig"}, cisplatin increased the level of creatinine (1.48±0.08, \#\#\#*P* \< 0.001) and urea (181±7.12, \#\#\#*P* \< 0.001) in serum in comparison with the control group, whereas the extract decreased urea and protein in serum, in comparison with the cisplatin-treated groups (100mg/kg: creatinine \[1.23±0.02, \**P* \< 0.05\], urea \[149±6.34, \*\**P* \< 0.01\])); 200mg/kg: creatinine \[1±0.057, \*\*\**P* \< 0.001\], urea \[120±3.124, \*\*\**P* \< 0.001\]).

![Effect of *Rheum turkestanicum* hydroalcoholic extract on serum creatinine and urea after cisplatin administration. The blood was taken from cardiac tissue and serum was separated after 24h of the last injection of extract. The creatinine and serum were determined in serum. Data were expressed mean ± standard error of mean (SEM). \#\#\#*P* \< 0.001 in comparison with the control group. \**P* \< 0.05, \*\**P* \< 0.01, and \*\*\**P* \< 0.001 in comparison with cisplatin](JPBS-10-66-g003){#F1}

*R. turkestanicum* reduced lipid peroxidation and increased thiol in kidney tissue {#sec2-11}
----------------------------------------------------------------------------------

In comparison with the control group, cisplatin increased the level of MDA in kidney (2.1±0.05, \#\#\#*P* \< 0.001) and decreased thiol (69.48±5.7, \#\#\#*P* \< 0.001). The extract reduced MDA (100mg/kg: 1.8±0.02, \**P* \< 0.05; 200mg/kg: 1.2±0.04, \*\*\**P* \< 0.001) and increased thiol (100mg/kg: 109±3.9, \**P* \< 0.05; 200mg/kg: 128±3.4, \*\*\**P* \< 0.01) \[[Figure 2](#F2){ref-type="fig"}\].

![Effect of *Rheum turkestanicum* hydroalcoholic extract on malondialdehyde (MDA) and thiol in kidney tissue after cisplatin administration. The kidney was separated for measuring biochemistry indexes after last injection. Data were expressed as mean ± standard error of mean (SEM). \#\#\#*P* \< 0.001 in comparison with the control group. \**P* \< 0.05, \*\**P* \< 0.01, and \*\*\**P* \< 0.001 in comparison with cisplatin](JPBS-10-66-g004){#F2}

H[ISTOLOGICAL]{.smallcaps} O[BSERVATIONS]{.smallcaps} {#sec1-4}
=====================================================

Renal histopathological changes are shown in [Figure 3](#F3){ref-type="fig"}. Our observations found some histopathological changes in the cisplatin-treated group (moderate to severe inflammation, interstitial nephritis, and mild necrosis) in comparison with the control group that showed normal structure without any evidence of inflammation, necrosis, and atrophy, but a mild degree of neutrophilia and eosinophilia. In the extract-treated groups, these changes were reversed, but a mild degree of tubular necrosis was seen in group III; however, this observation was eliminated in group IV.

![Effect of *Rheum turkestanicum* hydroalcoholic extract on histopathological changes in the kidney with hematoxylin and eosin dye. (A) Normal kidney. All anatomical structures look normal. (B) Severe tubular necrosis with high inflammatory cells in the cisplatin-treated group. (C) Moderate degree of tubular necrosis with infiltration of lymphoplasma cells in group III (treated with extract 100mg/kg). (D) Mild degree of tubular necrosis with neutrophil and eosinophil infiltration in Group IV (treated with 200mg/kg). Magnification: A, C, and D, 100× and B, 400×)](JPBS-10-66-g005){#F3}

D[ISCUSSION]{.smallcaps} {#sec1-5}
========================

Safety, easy to earn, low adverse effects, and popularity are the reasons of herbal medicine to set them as researchers' viewpoint for patients treatment.\[[@ref24]\] In this study, we investigated the protective effect of *R. turkestanicum* against cisplatin-induced nephrotoxicity. The studies have shown that cisplatin has antitumor effects; however, its adverse effect such as nephrotoxicity has limited its usage.\[[@ref25]\] The accuracy mechanism of nephrotoxicity is unclear. It is estimated that free radicals, ROS production,\[[@ref26]\] and lipid peroxidation\[[@ref27]\] may play a role in cisplatin toxicity. The studies have shown that antioxidant compounds may reduce nephrotoxicity by scavenging of free radicals. Our findings revealed that the administration of cisplatin increased urinary glucose and protein, which correlated with the elevation of serum creatinine and urea. In addition, cisplatin leads to elevation of MDA and decreasing of thiol content in kidney tissue. Our research showed that *R. turkestanicum* had protective effects against cisplatin toxicity in renal tissue.

In comparison with the cisplatin-treated group, the extract decreased the level of urinary glucose and protein and serum creatinine and urea, which led to the improvement of renal function. However, in the extract-treated groups, tubular necrosis was lower than that in the cisplatin-treated group. Also, lipid peroxidation can play a role in cisplatin-induced toxicity. Cisplatin binds to transport system in renal tissue and causes peroxidation of lipids, which leads to free radical production.\[[@ref27]\]

In this study, cisplatin increased lipid peroxidation and kidney MDA level which created due to cell membrane destruction by free radicals. The extract decreased lipid peroxidation and inhibited the elevation of MDA following administration of cisplatin. The recent studies have shown that cisplatin induced oxidative stress and caused depletion of glutathione (GSH).\[[@ref28]\] In our research, cisplatin decreased thiol content, whereas extract increased thiol content following cisplatin administration. These observed effects may be related to antioxidant properties of *R. turkestanicum*. Öztürk *et al*.\[[@ref29]\] have shown that *Rheum* species contain different compounds such as flavonoids, stilbenes, and anthraquinones, which act as a source of antioxidants. In addition, emodin is another compound of *Rheum* species, which has pharmacological effects such as protective effect against cisplatin.\[[@ref30][@ref31]\]

In parallel with reducing oxidative stress markers, histopathological changes in the extract-treated groups in comparison with the cisplatin-treated group confirmed its potent antioxidant activity and its kidney protective effect against toxic agents. Better glomerular configuration and capillary shape and reduced inflammation were observed in the kidneys of groups III and IV. In a similar study, *R. turkestanicum* could ameliorate the histopathological changes in diabetic rats with decreasing oxidative stress condition.\[[@ref16]\]

C[ONCLUSION]{.smallcaps} {#sec1-6}
========================

These findings confirmed extract antioxidant effect. Probably, protective effects of *R. turkestanicum* against cisplatin-induced nephrotoxicity may be related to active compounds with potent antioxidant activity, with the evidence of reduced tissue oxidative stress markers and histopathological changes, and serum and urinary markers. More studies are needed to understand the accuracy of mechanism(s).
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